Abstract
INTRODUCTION
Apple (Malus domestica L) is one of the most important tree fruit of the world. It is a highly nutritive fruit which is a rich source of sugars 11%, fat 0.4%, protein 0.3%, carbohydrates 14.9%, vitamins and minerals (Hussain, 2001 ). Due to its high nutritional value, it ranks third in consumption after citrus and banana (Jan et. al. 2012 ). Product quality through its indicators, soluble dry matter and acidity, is influenced by the intake of water and fertilizers, in this case of the foliar and especially the agro-biological value of the variety (Tiu et al., 2014) . I. Bezdadea et al., (2017) suggests that the content of total phenols in apples had decreased during cold storage. During the retention period, the consumption quality of apples is defined by the dynamics of some indicators such as: total dry matter, total titratable acidity, vitamin C, total sugar content. For all apple varieties studied the decrease of mass losses for the Janny MT and Fruit Control Equipment box-pallets storage methods was 1.5-2.0 times smaller than the classic method (Sumedrea D. et. all, 2017) . The clorophyll fluorescence, the measured values for Fm, Ft and Fv/Ft ratio, decreased slowly with the increase of the fruits storage period (Tanasescu N., et al., 2015) . The way in which temperature management is implemented after harvest can significantly affect the quality of the fruit at the end of storage, both in the amount of ripening retardation and also the presence or absence of disorders (Ramona Cotruţ et al., 2017) . Some of postharvest preservation technologies that can be used are: packaging in a modified atmosphere, ozonation, and fumigation of sulphur dioxide (Yang et al., 2014) , cold room storage, edible coatings, UV irradiation, chlorine dioxide with strong oxidizing and sterilizing power (Xu et al., 2016) , Janny MT and fruit control equipment box-pallets storage methods (Sumedrea D. et. all, 2017) .
MATERIALS AND METHODS
All indicators on chemical analyses were studied in dynamic: 3 months after harvest, 4 months after harvest and 5 months after harvest. The set of chemical analyses consisted in determining the following indicators: total dry mater (TDM), vitamin C, total tritrable acidity (TTA), total sugar content (TSC). The total dry mater was determined by the gravimetric method. For determination of vitamin C, the iodometric titrimetric method was used (Pleshkov, 1985) . The total acidity was determined by the titrimetric determination method. The total sugar content was determined by the FehlingSoxlet titrimetric method (1964) . Methods of apple storage used were the following: classical method -low temperature and high humidity (1-4 o C, humidity 85-90%), Janny MT box storage method (1-4 o C, 95-100% humidity, O 2 1-3%, CO 2 2-5%), Fruit Control Equipment -FCE (1-4 o C, 90-95% humidity, O 2 1-3%, CO 2 2-5%). For the statistical interpretation of the results, the data were included in an Excel database and then statistically interpreted with the SPSS 14.0 program, which uses the Duncan test (multiple t test) for a 5% statistical assurance.
RESULTS AND DISCUSSIONS
Total dry mater (TDM) is an important quality parameter that correlates with the texture and composition of the fruits (Kamiloglu, 2011) . In all storage methods, and implicitly on average, the highest quantity of dry matter ( Figure 1 ) was recorded in the Pinova cultivar (18.56%), which differs significantly from all the other cvs. analysed. If we analyse the influence of the storage method on the fruits total dry mater content, depending on the cultivar, the classical method of fruit storage induced the highest value of TDM (Figure 2 ). TDM increased with the prolongation of the fruit storage period. On cultivars average, TDM recorded 17.04% for the apples stored for 5 months, compared to 16.07% for those stored for 3 months (Figure 3) . Fig. 4 . Influence of the sample analysis moments on the total dry mater, depending on the method of storage Increase in TDM with storage duration, could be attributed to starch decomposition in sugars or hydrolysis of cell wall polysaccharides (Jan et. al, 2012) . TDM increased with the prolongation of the fruit storage period on cultivars average, but also on the methods of storage average ( Figure  3 and Figure 4 ). The highest values of TDM were recorded in the classic storage method at all moments analysed. In the case of the classical method the increase in total dry matter is explained by faster water loss and more intense respiration compared to other storage methods in which temperature humidity, O 2 and CO 2 are optimally controlled (Figure 4) . The vitamin C content (mg/100g of fresh pulp) is considered to be a very important quality indicator, because ascorbic acid is a bioactive compound with antioxidant properties. Fruits ascorbic acid content is sensitive to temperature, shelf life, and its depreciation is due to handling and storage conditions such as higher temperatures, low relative humidity, physical damage and injuries (Adisa, 1986) . Also, ascorbic acid can be irreversibly oxidized (Pardio-Sedas et al., 1994) and consequently decreases edible quality and increases susceptibility to various physiological disorders during storage (Jung and Watkins, 2008) . Figure 5 shows that the Golden Reinders and Idared cultivars recorded the highest vitamin C content in all storage methods. On the average of the cultivars, the highest values of the vitamin C content were obtained using the Janny MT (10.66%) storage method, and the lowest value, statistically different, with the classical method of storage ( Figure 5 ).
Ascorbic acid decreases significantly with increasing of shelf life period. From the results obtained (Figure 6 ), it can be observed that for all the cvs. studied, the vitamin C content decreases with the prolongation of the fruit storage period. Fig. 6 . Influence of the sample analysis moments on the vitamin C content, depending on the cultivar Thus, on the average of cvs., the highest values of this indicator were registered 3 months after harvesting (10.64%) and the lowest at 5 months from storage (9.74%) ( Figure 6 ). On the average of the storage methods, the highest vitamin C content was recorded in the Janny MT storage method at all times of analysis. On the average of the moments, the vitamin C content of the Janny MT storage method is similar to with the FCE method and differs from the classic method (Figure 7) . On the average of the methods, the fruits vitamin C content decreases with the prolongation of the fruit storage period, from 10.64 mg /100g after 3 months of storage) to 9.88 mg /100g for 4 months of storage and 9.24 mg / 100g respectively 5 months of storage. Decreasing of the vitamin C content from 3 months after harvesting to 5 months after storage, can also be explained by fruit degradation, especially due to molds (Aspergillus sp., Penicillium sp., and Botrytis cinerea) (Figure 8 ). Fig. 8 . Influence of the sample analysis moments of the vitamin C content, depending on the method of storage Total titrable acidity (TTA) was higher in the Goldrush culivar, followed by the Idared cultivar. Thus, for all storage methods and implicitly on their average TTA recorded 0.47% for Goldrush and 0.39% for Idared (Figure 9 ). Fig. 9 . Influence of the cultivar on the total titrable acidity, depending on storage methods
On cultivars average, the total titratable acidity was higher in the Janny MT and FCE storage methods (Figure 10 ). On average of storage methods, TTA decreased slightly with increasing of storage period, from 0.37% after 3 months from harvesting to 0.34% after 5 months of storage (Figure 11 ). Fig. 10 . Influence of the storage method on total titratable acidity, depending on the cultivar Fig. 11 . Influence of the samples analysis moment on total titratable acidity, depending on the storage methods As noted in the literature (Ghafir et al., 2009) , the decrease in TTA is significantly affected by physiological processes, especially breathing, which consumes organic acids, thus reducing the TTA of apples during storage. Apples accumulate starch in the early stages of maturation, which are subsequently hydrolysed in sugars at consumption maturity (Magein and Leurquin, 2000) . Starch hydrolysis in sugars continues during storage, resulting in increased total sugars during storage (Beaudry et al., 1989) . On the average of the methods, the highest total sugar content (TSC) was recorded in the Pinova and Dalinette cvs., which differed significantly from the other studied cultivars (Figure 12 ). Water loss and more intense breathing intensify and speed up the maturity of the apples. This explains why, on average of cvs., the TSC method is higher (13.26%) and differs significantly from the FCE (12.19%) and Janny MT (11.90%) methods, where water loss and respiration recorded are much less intense ( Figure 13 ). The highest values of TSC were recorded for the Pinova and Dalinette cultivars (Figure 14) . On cultivars and storage methods average respectively, TSC increased with the prolongation of storage time ( Figure 14 and Figure  15 ). Thus, TSC increased from 11.76% to 3 months from storage to 13.07% after 5 months of storage. Fig. 15 . Influence of the sample analysis moments on the total sugar content, depending on the method of storage
CONCLUSIONS
On the average of the storage methods, the Pinova cultivar showed the highest total dry mater (TDM) content and the Golden Reinders and Idared cultivars recorded the highest vitamin C content. The highest total sugar content (TSC) was in the Pinova and Dalinette cultivars, and the total tritrable acidity (TTA) was higher in the Goldrush cultivar, followed by the Idared cultivar.
On the average of the 8 cultivars studied, the total dry matter and total sugar content increased, while the total tritrable acidity and vitamin C content decreased with the apples shelf life prolongation. Starch decomposition in sugars during storage, as well as the loss of water and more intense respiration, speeds up the maturity of apples and explain higher levels of total dry mater content (TDM) and total sugar (TSC) for the classical storage of fruit. On average of cultivars and sample analysis moments, modern storage methods, Janny MT and FCE, recorded the highest levels of vitamin C content and titratable total acidity.
